A b s t r a c t
Introduction
Achalasia is characterized by aperistalsis of the esophageal body and poor relaxation of the lower esophageal sphincter (LES). Clinical manifestations of the disease include dysphagia, regurgitation, heartburn, and chest pain. Laparoscopic Heller cardiomyotomy (LHC) is now a standard surgical procedure for achalasia treatment. It has been shown to reduce dysphagia symptoms and improve quality of life [1, 2] .
Esophageal myotomy performed alone induces gastroesophageal reflux in a large percentage of patients because of interruption of the LES mechanism [3] . Persistent dysphagia and postoperative gastroesophageal reflux (GER) are the most frequent indicators of surgical treatment failure. Csendes et al. [4] The choice of optimal antireflux procedure after laparoscopic cardiomyotomy: two decades of clinical experience in one center found that poor outcomes 15.8 years after myotomy were related to severe reflux disease and were not associated with incomplete myotomy in 92% of patients. Since 2012 SAGES has strongly recommended that patients who undergo esophageal myotomy should also have a fundoplication to prevent postoperative reflux and minimize treatment failures [5] . To date, two types of partial wrap are commonly performed in achalasia patients after Heller myotomy: the posterior 270° fundoplication (Toupet) and the anterior 180° fundoplication (Dor). Each of these procedures has advantages and disadvantages, but the optimal type of fundoplication (posterior vs. anterior) is still debated. There is a clear need for additional evidence in order to determine which partial fundoplication provides the best reflux control after myotomy.
Aim
The aim of our present study was to compare the long-term rates of dysphagia, reflux symptoms and patient satisfaction after surgery and current postoperative condition between Toupet and Dor fundoplication groups in achalasia treatment.
Material and methods
We performed a retrospective study, which included 97 consecutive patients with achalasia. Patients were treated between January 1998 and December 2016 in the clinic of surgery of Kaunas Medical University Hospital. All the patients gave their written informed consent, and the Regional Biomedical Research Ethics Committee approved the study (No. BEC-LSMU(R)-40).
Patients with clinical symptoms of achalasia were examined by a surgeon or gastroenterologist at the appointment in the outpatient clinic. After radiological examination with barium contrast, esophagogastroduodenoscopy (EGD) and manometric studies, achalasia was diagnosed. Diagnosis of achalasia was confirmed by manometric analysis in all of the patients: elevated resting lower esophageal sphincter (LES) pressure (> 45 mm Hg); incomplete LES relaxation after a swallow; and peristalsis in the smooth muscle portion of the body of the esophagus. When the diagnosis was confirmed, all achalasia treatment options, their benefits and risks were explained to the patients in detail. The main attention was paid to the patient's general condition, co-morbidities, previous intra-abdominal operations and the patient's choice. The final decision was made by consensus agreement.
All patients were divided into two groups according to the fundoplication procedure performed after cardiomyotomy. The first group (37 patients) underwent laparoscopic posterior Toupet (270°) fundoplication followed by Heller myotomy. The second group (60 patients) underwent laparoscopic anterior partial Dor fundoplication followed by Heller myotomy. Three experienced surgeons performed all the operations. The fundoplication technique was chosen independently by the operating surgeon except the cases where mucosa perforation during cardiomyotomy occurred. The mucosa was sutured, and anterior Dor fundoplication was performed in all of these cases (these 5 patients were also included in the Dor group analysis).
Postoperative follow-up included length of in-hospital stay, early dysphagia, and intraoperative and postoperative complications rate. A careful clinical assessment was performed by questionnaire in each patient before and late after surgery. The results of achalasia treatment were divided into four classes according to Vantrappen and Hellemans [6] ( Table I) . Heartburn grade was evaluated according to the standard grading system (Table II) .
Excellent (0) and good (I) results were considered as indicative of successful achalasia treatment, while moderate (II) and poor (III) were considered as treatment failure. Clinically significant heartburn was considered when the heartburn grade was II or III. Operative techniques
Myotomy and posterior Toupet fundoplication
The esophageal hiatus was fully dissected mobilizing the esophagus circumferentially, separating from mediastinal structures and crura, followed by full mobilization of the gastric fundus. This included division of the phrenoesophageal membrane and gastrophrenic and gastrosplenic ligaments with short gastric vessels. Any epiphrenic fat pad was removed and myotomy performed using an ultrasonic hook 6-8 cm in length on the anterior surface of the esophagus. The myotomy extends 1.5-2 cm beyond the gastro-esophageal junction. Then posterior Toupet (270°) fundoplication was performed: the leading edge of the fundus was positioned to the right of the esophagus and sutured to the right side of the opened muscle over a length of 3 cm; the anterior fundus was fixed to the left side of the opened muscle over a length of 3 cm; finally the wrap was secured to the right and left crura with separate gastrocrural sutures.
Myotomy and posterior Dor fundoplication
Anterior limited dissection of the esophageal hiatus was performed: separating the esophagus from the mediastinal structures and crura, with clear identification of the anterior vagal nerve, but leaving the lateral and posterior phrenoesophageal attachments intact. The short gastric vessels were not divided. The fat pad from the anterior esophagus was removed. The myotomy was performed in the same manner. Anterior Dor fundoplication was performed: the left anterior fundus was fixed to the left side of the myotomy and the left crus of the diaphragm; the leading edge of the fundus was positioned along the greater curvature, anterior to the esophagus over the myotomy and sutured to the right side of the myotomy and the right crus of the diaphragm.
Statistical analysis
Fisher's exact test was used to compare the success and complications of different treatment modalities. The patients' age, history of the disease, hospital stay and follow-up period between the groups were compared using the unpaired Mann-Whitney U test. P-value < 0.05 was considered significant.
Results
From January 1998 to December 2016, 97 consecutive patients with achalasia were treated: 37 underwent Heller myotomy plus posterior Toupet fundoplication (group I) and 60 underwent Heller myotomy plus anterior Dor fundoplication (group II). Patients' general characteristics are summarized in Table III. Heller myotomy with Toupet or Dor fundoplication was the initial treatment in all 97 patients and they had no achalasia treatment before. All the procedures were performed laparoscopically without conversions. Perioperative follow-up results are summarized in Table IV . One patient from the Dor fundoplication group had esophageal mucosa leak, detected on the second postoperative day after taking semi-liquid food. This patient underwent re-laparoscopy, primary closure of the perforation site and drainage. The postoperative period was uneventful.
Follow-up was available to all 97 operated patients. Eighty-seven (88%) patients evaluated their current condition as excellent or good with no significant difference between the groups, while only 12 (12%) patients rated the outcome as satisfactory. Patient satisfaction with surgery outcome scores are presented in Table V .
Dysphagia symptoms decreased dramatically after surgery. Laparoscopic myotomy with posterior Toupet fundoplication was effective in 89% of patients (good and excellent results) at long-term follow-up, while laparoscopic myotomy with anterior Dor fundoplication gave the same good or excellent outcome in 93% of patients (p > 0.05).
A significant difference between the two groups was found in heartburn scores. Thirty-five percent of patients after myotomy with anterior Dor fundoplication had clinically significant heartburn (grade II-III), but only 11% of patients after myotomy with 
Discussion
Over the past 17 years the high success rate of laparoscopic Heller myotomy for achalasia has brought a shift in practice; surgery has become the preferred treatment of most gastroenterologists and other referring physicians [7] . Nowadays, laparoscopic Heller myotomy is routinely considered as an option for achalasia patients. Discussion about advantages and disadvantages of fundoplication after Heller myotomy has been going on for many years. Some authors have reported rather low rates of GER (11.3% global rate after a long-term follow-up) after Table IV . Perioperative follow-up results
Parameter
Group I (Toupet) (n = 37) Group II (Dor) (n = 60) P-value laparoscopic myotomy alone [8] . Lyass et al. [9] in their meta-analysis also found that the difference in the rate of GER diagnosed in post-myotomy pH studies in wrapped and non-wrapped patients was not significant (7.9 vs. 10%, respectively; p = 0.75). There was also no significant difference in the incidence of post-myotomy GER symptoms in wrapped and nonwrapped patients (5.9 vs. 13% respectively; p = 0.12). It is worth pointing out that many studies have demonstrated a high incidence of GER when physiologic testing is performed in no antireflux procedure groups: Campos et al. [1] in a systematic review and meta-analysis reported the rate of 41.5% for abnormal reflux when no fundoplication was added compared with 14.5% when one was performed (p = 0.01); Falkenback et al. [10] in their prospective randomized trial found that postoperative reflux was observed in 100% of the patients who had the myotomy alone vs. 25% of those who had myotomy with Nissen fundoplication; Richards et al. [3] in their prospective randomized trial found that 48% of patients in the myotomy-alone group had abnormal GER postoperatively, while only 9% of patients had abnormal pH studies when myotomy and partial Dor fundoplication were performed. According to the published results, the routine application of fundoplication following laparoscopic Heller myotomy has been recommended as beneficial for protection against postoperative GER [1, 11] . The type of fundoplication has been a subject of debate until now. An anterior 180° Dor fundoplication, a posterior 270° Toupet fundoplication, and a loose Nissen fundoplication have all been proposed. Nissen fundoplication is usually considered as a contraindication in patients with achalasia because of the underlying esophageal aperistalsis. Rebecchi et al. [12] in a randomized, controlled trial compared the incidence of GER and the rate of dysphagia between Nissen and Dor fundoplication groups, following laparoscopic Heller myotomy. They observed that Dor fundoplication was equally as effective as "floppy" Nissen fundoplication in controlling reflux, but dysphagia rates were significantly higher in the Nissen group (2.8% vs. 15%, respectively; p < 0.001). Therefore, a partial fundoplication following laparoscopic Heller myotomy is generally preferred nowadays.
Both partial fundoplications (Dor and Toupet) accompanied by laparoscopic Heller myotomy are associated with improvement or resolution of dysphagia symptoms. Campos et al. [1] in their metaanalysis reported symptom improvement in 89.3% of achalasia patients. Rawlings et al. [13] in a randomized controlled trial reported improvement of dysphagia symptoms after laparoscopic Heller myotomy in 90.9% in the Dor group and 93.1% in the Toupet group at 6-month to 12-month follow-up.
Our study results also demonstrate that resolution of dysphagia symptoms or their improvement was achieved in 89% in the Toupet group and 93% in the Dor group at long-term follow up with a median of 98.8 months to 102.7 months. Our data correspond to the results published in previous studies.
The main function of the antireflux procedure after myotomy is to prevent GER, because gastroesophageal reflux is commonly regarded as one of the main failures of surgical treatment. 
